In contrast to vast number of terpenoid compounds produced by plants and fungi (more than 22,000), Streptomyces produce only small number of terpenoid compounds. Among them, naphterpin1), furaquinocins2), napyradiomycins3) and terpentecin4) were proved to be
biosynthesized via the classical mevalonate pathway. Very curiously, however, pentalenolactone which is produced by several Streptomyces species, is synthesized via the non-mevalonate pathway5) which has recently been proposed by ROHMER et al.6,7). In this pathway (see Fig. 1 ), glyceraldehyde 3-phosphate and pyruvic acid condense to form 1-deoxyxylulose 5-phosphate which is then converted to isopentenyl diphosphate (IPP) via 2-C-methyl-D-erythritol 4-phosphate. In addition to pentalenolactone, we have reported in a previous paper that the dimethylally side chain of carquinostatin, an antioxidative substance produced by Streptomyces exfoliatus, was biosynthesized via the same nonmevalonate pathway8). rotary shaker, 2ml of the seed culture was transferred to two 500ml Erlenmeyer flasks containing 100ml of the production medium (starch 2.5%, soybean meal 1.5%, dried yeast 0.2% and CaCO3 0.4%, pH 6.2) and the Sodium [1-13C] acetate (0.5mg/ml) was added to the medium 18 hours after initiation of the fermentation, while [1-13C] glucose (1mg/ml) was added to separate cultures 6, 18 and 30 hours after initiation of the fermentation. After cultivation for a total of 96 hours, the differently labeled samples of novobiocin were isolated by AcOEt extraction followed by preparative TLC (CHCl3: MeOH=10:1) at a yield of ca. 17mg.
Assignment of the 13C-NMR spectrum of novobiocin was made mainly based on the reported values13) and our own 2D-NMR data. Analysis of the 13C-NMR spectrum of novobiocin labeled with sodium [1-13C]-acetate showed no incorporation of the precursor into C-7 and C-9 excluding the operation of the mevalonate pathway for the formation of IPP in this organism (data not shown). On the other hand, addition of [1-13C]-glucose into the fermentation broth increased the signal intensities of C-7 and C-10 in the dimethylally side chain by 1.4 to 2.2 times (Table 1 and Fig. 2 ). This labeling pattern is explained by incorporation of glucose via the non-mevalonate pathway to novobiocin after metabolism to dihydroxyacetone phosphate and glyceraldehyde 3-phosphate by glycolysis14) (Fig. 1) .
The incorporation of [1-13C] glucose to the side chain was apparently improved by addition of the precursor at a later stage showing sole operation of the nonmevalonate pathway throughout the fermentation 
